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Abstract 
Warm mix asphalt (WMA) has been popularly used in all over the world to reduce both energy consumptions and carbon 
emissions in asphalt paving industry. The long-term aging characterization of binders containing WMA additive was 
evaluated in this research. The penetration grade 60/80 and SBS modified binders were selected as virgin materials. The 
Sasobit, WMA additive, was blended into virgin materials with 2%, 3%, 4% and 5% by weight of binders. The warm 
modified binders were aged by means of the rolling thin film oven (RTFO) and pressure aging vessel (PAV). A serial of 
laboratory studies, such as Penetration, four-constituents, rotational viscometer (RV), dynamic shear rheometer (DSR) and 
bending beam rheometer (BBR), were conducted on both virgin binders and long-term aging binders. The aged rates of 
binders were calculated and compared. The results showed that the virgin binders played an important role in the 
determination of colloid-structures. However, compared to the aging regulation of 
virgin and warm modified binders, Sasobit had no or marginally positive influence on the long-term aging characterization 
(affected by virgin binder type) of warm modified binders. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Chinese Overseas Transportation Association (COTA). 
Keywords: Long-term aging; Characterization; Warm modified binders; RTFO; PAV; Aged rate 
1. Introduction 
Warm mix asphalt (WMA) has been popular used to reduce both energy consumptions and carbon emissions 
in asphalt paving industry. In 1997, Sasobit began to be marketed in Europe as an asphalt mixture compaction aid 
by Sasol Wax International AG and was granted as the one of WMA technologies. From then on, more than 142 
projects in all over the world (EAPA, 2009; FHWA, 2008): Austria, Belgium, China, Denmark, France, 
Germany, Italy, Switzerland, the United Kingdom, and the United States have used Sasobit in their road 
pavements construction. In China, since 2005, Sasobit has been placed in a variety types of mixture for pavement 
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projects, such as dense graded mixture, open graded mixture and stone mastic asphalt (H.Soenen,et.al,2008; 
Corrigan, M., 2005).  
Sasobit is often used as an asphalt mixture additive and acquired from the coal gasification through the 
Fischer-Tropsch (FT) method (Huang Wenyuan & Qin yongchun, 2008). Therefore, it is also known as FT 
Paraffin Wax. It is a narrow-distributed long-chain aliphatic hydrocarbon, and there are 40 to 115 carbon atoms 
in the main-chain molecules. Its appearance is similar to that of a flake or powder and its melting point is greater 
than 1000C, higher than ordinary paraffin wax. When Sasobit is blended into the binder at the temperature below 
Sasobit is blended into binder at temperatures higher than its melting point, it completely dissolves into binder 
(Hurley 
G C & Prowell B D, 2006).  
Many research on asphalt mixture containing Sasobit found that Sasobit can not only reduce the mixing 
temperatures of asphalt mixture but also keep the performances of asphalt mixture as that of HMA. However, 
bitumen aging occurs during mixing and laying (short term aging) as well as during its service life (long term 
aging). It may result in a significant physical hardening, which leads to improved rutting resistance and decreased 
thermal cracking and fatigue resistance. The research on binder physical hardening and change in asphalt mixture 
performance with Sasobit additive are very limited. 
2. Objective and scope 
Two virgin binders (Pen 60/80 binder and SBS modified binder) and a WMA additive (Sasobit) were used in 
this study. Once Sasobit was blended into Pen 60/80 binder and SBS modified binder, the binders was defined as 
Sasobit modified binder and named as PS and SS, respectively. Four different contents by weight of binder 
2%~5% (1% was the interval gap) were blended into Pen 60/80 asphalt and SBS modified asphalt respectively.  
The main objective of this study was to investigate long-term aging characterizations of warm modified 
binders through a series of tests. 
1. Virgin binder and warm modified binder were artificially short-term and then long-term aged through the 
Rolling Thin Film Oven (RTFO) and Pressure Aging Vessel (PAV) procedures. The viscosity properties 
in the original state, after RTFO aged , and after RTFO+PAV aged, the rutting properties in the original 
state and after RTFO aged, the fatigue cracking properties after RTFO+PAV aged, and the thermal 
cracking properties after RTFO+PAV aged were evaluated.  
2. The four-constituent properties of warm modified binder in the original state, after RTFO aged, and after 
RTFO+PAV aged were tested using four-constituent test. 
3. Calculate and compare the aging regulation of virgin binder and warm modified binder by using the 
Gastel Index Ic.  
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3. Binder test 
In this study, the properties of binders were evaluated using selected Superpave binder test procedures 
including the rotational viscometer (RV) test (AASHTO T316), the bending beam rheometer (BBR) test 
(AASHTO T313), and the dynamic shear rheometer (DSR) test (AASHTO T315) (Y. Edwards, 2008; Gandhi, T. 
2008). An 8.5 g binder sample of the binders was tested with a number 21 spindle in the rotational viscometer at 
1350C. In the DSR test, the binders (Original, RTFO aged residual, and RTFO+PAV aged residual) were tested 
at a frequency of 10 radians per second, which is equal to approximately 1.59 Hz. The BBR test was conducted 
using each binder beam (125 6.35 12.7 mm) at -180C, and creep stiffness (S) and creep rate (m) of the 
binders were measured at a loading time of 60s. 
4. Properties of virgin binder and Sasobit 
This study used Pen 60/80 binder and SBS modified binder as virgin binder. Their properties tested by 
Superpave binder test are seen in Table 1 and Table 2.  
Table 1   Some Properties of the Two Virgin Binders 
Aging States Items Pen 60/80 binder SBS modified binder 
Un-aged binder 
135  Viscosity(Pa.s) 0.46 0.73 
 1.86 (at 580C) 1.65 ( at 760C) 
After RTFO aged G*/sin  (KPa) 4.58 ( at 580C) 2.25 ( at 760C) 
After RTFO+PAV aged 
G*.sin  at 250C (KPa) 3541 1631 
Creep Stiffness (MPa) 146(-120C) 84.3(-180C) 
m-value 0.406(-120C) 0.394(-180C) 
 
    From Table 1, it could be seen that Pen 60/80 binder and SBS modified binder could be granted as PG 58-22 
and PG 76-28, according to PG system. Table 2 present the four-constituent properties of the two virgin binders. 
   Table 2  Four-constituent Properties of the Two Virgin Binders 
Virgin Binder Saturated Constituent %  Aromatic Constituent %  Colloid %  Asphaltene %  
Pen 60/80 binder 8.4 46.5 35.3 9.8 
SBS modified binder 8.1 44.4 27.4 20.1 
 
      Sasobit was used as a WMA additive in this study. Some properties are shown in Table 3. 
     Table 3  Some Properties of Sasobit 












Results 100 290 5.47 3.26 1 8 
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5. Properties of warm modified binders 
     Table 4 and Table 5 show the rutting properties of warm modified binders using DSR test.  
    Table 4  The Rutting Properties of Warm Modified Binders in Un-aged  
Warm modified 
binder 
G*/sin kPa  Warm modified 
binder 
G*/sin kPa  
58  64  70  76  58  64  70  76  
Pen 60/80 
binder 4.38 1.86 0.84 / SBS modified binder 9.33 4.96 2.77 1.65 
PS+2%Sasobit 9.10 4.11 1.98 0.99 SS+2%Sasobit 14.33 8.19 4.85 3.02 
PS+3%Sasobit 14.09 6.10 2.81 1.40 SS+3%Sasobit 20.32 11.98 7.29 4.65 
PS+4%Sasobit 11.88 5.37 2.56 1.30 SS+4%Sasobit 19.85 11.48 6.86 4.29 
PS+5%Sasobit 13.05 5.54 2.48 1.24 SS+5%Sasobit 17.38 9.47 5.45 3.24 
 Table 5  The Rutting Properties of Warm Modified Binders After RTFO Aged 
Warm modified 
binder 
G*/sin kPa  Warm modified 
binder 
G*/sin kPa  
52  58  64  70  58  64  70  76  
Pen 60/80 
binder 11.18 4.58 1.98 / SBS modified binder 12.48 6.70 3.78 2.25 
PS+2%Sasobit 18.95 7.93 3.51 1.67 SS+2%Sasobit 15.37 8.41 4.89 2.97 
PS+3%Sasobit 33.25 14.45 6.28 1.77 SS+3%Sasobit 20.26 10.80 5.96 3.53 
PS+4%Sasobit 23.52 9.82 4.26 1.96 SS+4%Sasobit 14.53 7.57 4.03 2.23 
PS+5%Sasobit 29.96 12.87 5.51 2.02 SS+5%Sasobit 20.76 10.82 5.71 2.90 
 
     Table 4 and Table 5 presented that the rutting properties of warm modified binders were obviously better that 
those of virgin binders (Ran Jin., 2008; Liu Dali., 2011). Compared to virgin binders, the high-temperature grade 
of warm modified binders improved a grade at least. According to the PG system, the PS and SS could be granted 
as PG64 and PG 82. Table 6 shows the fatigue cracking properties of warm modified binders using DSR test.  
Table 6 The Fatigue Cracking Properties of Warm Modified Binders After RTFO+PAV Aged 
Warm modified 
binder 
G*/sin kPa  Warm modified 
binder 
G*.sin kPa  
40  34  28  22  40  34  28  22  
Pen 60/80 
binder 205 527 1382 3541 SBS modified binder 171 406 1025 2562 
PS+2%Sasobit 325 780 1848 4357 SS+2%Sasobit 375 827 1839 4085 
PS+3%Sasobit 711 1534 3246 4979 SS+3%Sasobit 501 1044 2156 4322 
PS+4%Sasobit 384 915 2152 6775 SS+4%Sasobit 478 981 2079 5088 
PS+5%Sasobit 761.8 1649 3524 / SS+5%Sasobit 564 1179 2511 5357 
 
    According to PG system, the G*.sin  of binder should be less than 5000Kpa. From Table 6, it could be seen 
that the G*.sin  of warm modified binders were more than 5000KPa, while Sasobit content exceeded 3%. It 
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meant that fatigue properties of warm modified binders declined with the addition of Sasobit. For ensuring warm 
modified binders had good properties, Sasobit as a WMA additive would be defined a limited content. Base on 
the fatigue cracking properties of warm modified binders, the maximum Sasobit content was 3%.This remark 
could be confirmed in the BBR test. Table 7 shows the thermal-cracking properties of warm modified binders 
using BBR test. 
Table 7 The Thermal-cracking Properties of Warm Modified Binders After RTFO+PAV Aged 
Warm modified binder 
S(MPa) m Value 
-12  -18  -24  -12  -18  -24  
Pen 60/80 binder 146.0 465.7 986.4 0.406 0.402 0.437 
PS+2%Sasobit 176.2 456.1 1128.4 0.386 0.382 0.448 
 PS+3%Sasobit 170.7 336.6 1778.9 0.423 0.391 0.356 
 PS+4%Sasobit 191.0 533.3 1440.8 0.355 0.378 0.506 
 PS+5%Sasobit 196.6 497.1 1035.3 0.346 0.376 0.404 
SBS modified binder 84.3 247.6 954.7 0.394 0.426 0.413 
SS+2%Sasobit 130.4 291.8 1382.2 0.345 0.365 0.376 
 SS+3%Sasobit 191.1 293.8 845.9 0.355 0.345 0.383 
 SS+4%Sasobit 151.4 328.2 824.09 0.353 0.382 0.406 
 SS+5%Sasobit 195.9 375.2 725.8 0.349 0.355 0.371 
 
    According to PG system, the S of binder should be less than 300Mpa and m-value should be more than 0.3. 
Table 7 presented the S of warm modified binders increased with Sasobit increased. Especially, the S of SS broke 
the limited value when Sasobit content exceeded 3%. It predicted that Sasobit had a negatively impaction on the 
thermal-cracking properties of warm modified binders. Table 8 shows the 1350C viscosities of warm modified 
binder susing RV test. 
Table 8  The 1350C Viscosities of Warm Modified Binders in Un-aged 
Warm modified  
binder 135  Viscosity (MPa) 
Warm modified 
 binder 
135 Viscosity  
(MPa) 
Pen 60/80binder 0.46 SBS modified binder 0.73 
PS+2%Sasobit 0.40 SS+2%Sasobit 0.55 
PS+3%Sasobit 0.32 SS+3%Sasobit 0.46 
PS+4%Sasobit 0.32 SS+4%Sasobit 0.45 
PS+5%Sasobit 0.35 SS+5%Sasobit 0.42 
 
    Table 8 indicated that the 1350C viscosities of warm modified binders declined with the addition of Sasobit, 
compared to virgin binders. It meant warm modified binders had a good workability. 
     Based on the above results, it could be found that the rutting properties of warm modified binders were better 
than that of virgin binders, however, the fatigue cracking properties and thermal cracking properties declined 
with the addition of Sasobit. Moreover, Sasobit content was an important factor impacted on the properties of 
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warm modified binders. The rutting properties of warm modified binders would be improved a grade as the 
increase of Sasobit, but the fatigue properties and thermal cracking properties of warm modified binders would 
be lowered a grade, when Sasobit content was higher than 3%. So Sasobit as a WMA additive should be defined 
a limited content and this study recommended the limited content did not exceed 3%. 
   Compared to the SS, the properties of PS changed obviously. It indicated that the properties of virgin binders 
played an important role in the properties of warm modified binders. 
6. Four-constituent of warm modified binders 
     Based on the PG properties of warm modified binders, the optimum Sasobit content was 3%. So the four-
constituent of warm modified binders containing 3% Sasobit in different aging states was tested and the results 
are seen in Table 9 (JTG 052-2000, 2000). 
Table 9  Four-constituent of Warm Modified Binder  







%  Aged states 
Pen 60/80 binder 8.4 46.5 35.3 9.8 
Un-aged 
PS+3%Sasobit 8.3 43.6 34.4 13.7 
Pen 60/80 binder 9.6 45.2 34.1 11.1 
after RTFO aged 
PS+3%Sasobit 9.5 44.6 30.3 15.6 
Pen 60/80 binder 8.6 41.9 33.1 16.4 
After RTFO+PAV aged 
PS+3%Sasobit 9.3 43.5 29.3 17.9 
SBS modified binder 8.1 44.4 27.4 20.1 
Un-aged 
SS+3%Sasobit 8.3 43.7 27.3 20.7 
SBS modified binder 8.5 42.7 28.5 20.3 
after RTFO aged 
SS+3%Sasobit 8.4 41.5 27.9 22.2 
SBS modified binder 8.3 44.4 23.2 24.1 
after RTFO+PAV aged 
SS+3%Sasobit 9.5 43.2 22.5 24.8 
 
      Compared to virgin binders, the saturated constituent of warm modified binders kept constant, the aromatic 
constituent and colloid became less and less, and the asphaltene became more and more in the un-aged and after 
RTFO aged. However, in the after RTFO+PAV aged, the four-constituent of warm modified binders had been 
changed. It could be observed that asphaltene attached a maximum value and the colloid reached a minimum 
value in the after RTFO+PAV aged. The four-constituent of warm modified binders changed meant the colloid 
structure of binder could be transformed. So it predicated colloid structure of warm modified binders and virgin 
binders were very different after the addition of Sasobit and undergoing RTFO or RTFO+PAV aged. 
     The asphaltene increased and the colloid decreased meant the rutting and thermal cracking of warm modified 
binders would be improved and declined. This remark was consistent with the PG properties of warm modified 
binders (Ji Jie & Ran jin, 2009; YAN Shixiang, 2007). 
7. Aged rate of warm modified binders 
   According to the following Formula (1), the aged rate (Ic) of warm modified binder were calculated and are 
seen in Table 10 (Xia Yang, 2009). 
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Ic=(S+At)/(R+ Ar)                                                                                                                                         (1) 
 
Where:      Ic Gastel Index; 
S Saturated Constituent of binders,%; 
At Asphaltene of binders, %; 
R Colloid of binders, %; 
Ar Aromatic Constituent of binders, %; 
Table 10  The Ic of Warm Modified Binder 
Warm modified binder Un-aged after RTFO aged after RTFO+PAV aged 
Pen 60/80 binder 0.22 0.26 0.33 
PS+3%Sasobit 0.28 0.34 0.37 
SBS modified binder 0.39 0.40 0.48 









Un-aged after RTFO aged after RTFO+PAV aged
Aging State
Ic
Pen 60/80 binder PS+3%Sasobit SBS modified binder SS+3%Sasobit
 
Fig 1.  Ic over aging states 
 
     Form Table 9, it could be seen that the Ic of warm modified binders was larger than that of virgin binder, 
regardless of any aging states. Fig. 1 is the Ic increased trend over the different aging states. From the figure, it 
was observed that Ic increased trend lines of warm modified binders were almost parallel as those of virgin 
binders. That is to say, Sasobit had a less effect on the long-term aging characterization (affected by virgin binder 
type) of warm modified binders.  
8. Conclusions 
It could be concluded from the above test results that: 
1) Based on PG of the warm modified binder, the resistance to rutting would be better, but the resistance to 
thermal cracking and fatigue cracking became worse, compared to the virgin binder. Additionally, it was evident 
that the resistance to rutting performed the best when added 3% Sasobit. However, while Sasobit exceeded 3%, 
the resistance to thermal cracking declined a grade. So this study recommended the Sasobit content was not 
higher than 3%. 
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2) Based on the four-constituent of warm modified binders, it was observed that Sasobit changed the colloid 
structure of binder, the asphaltene increased and the colloid decreased. It lead that the resistance to rutting 
improved and the resistance to thermal cracking declined. 
3) The Ic increased trend lines of warm modified binders were almost parallel as those of virgin binder. It meant 
that Sasobit had a less effect on the long-term aging characterization (affected by virgin binder type) of warm 
modified binders.  
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